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Occupancy and abundance of dhole was studied in the Pench landscape of Central India between 2006 and 2010. 

Royle-Nichols heterogeneity model was used for abundance estimation of dhole. The 4,300 sq. km area of the Landscape 

was divided into 10 km x 10 km grids (n=43), considering each grid size is larger than the home range size of an 

individual dhole. 

Different forest routes on each grid were surveyed to collect indirect evidences (spoor, fresh scats, etc.) of dhole, and 

each search covered 5 km distance (total effort 3,720 km) during 2006. The average dhole pack size was 13.9 ±1.4 

(Standard Error or SE). The estimated individual density of dhole in the Pench landscape was 3.3 ±1.2 (SE)/100 sq. 

km. Naive or site occupancy of dhole was estimated using indirect evidences from the Intensive Study Area or ISA 

(410 sq. km), i.e., in Pench National Park (PNP) and Pench Wildlife  Sanctuary (PWS) of Pench Tiger Reserve, Madhya 

Pradesh, between February and June 2006, 2007, 2009 and 2010. Sampling occasions (n=3) were same for all four 

years and total effort varied between 725 km and 750 km. The estimated naive or site occupancy of dhole in ISA was 

0.81 ±0.07 (SE) in 2006 followed by 0.96 ±0.15 in 2007, 0.52 ±0.08 in 2009 and 0.82 ±0.14 in 2010. 

Our study revealed that occupancy of dhole is high inside the Pench Protected Area (i.e., PNP and PWS), but low and 

patchy outside. As dhole population is observed fragmented, linkage between the different Protected Areas in this 

landscape is crucial for its long term survival. 
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INTRODUCTION 

With the decline of most large carnivore population 

worldwide (Nowell and Jackson 1996) there is always an urgent 

need for practical and accurate methods of estimating 

population numbers and monitoring trends (Caughley and 

Sinclair 1994). Estimates of abundance are extremely valuable 

for species conservation, yet determining the abundance of 

elusive and wide-ranging carnivores is difficult, but possible, 

especially for those that can be identified by individual marking, 

like Tiger Panther a tigris (Karanth 1995; Sharma et al. 2010; 

Jhala et al 2011), Leopard Panthera pardus (Mondol 2006; 

Edgaonkar 2008; Harihar et al 2009; Ramesh 2010), Jaguar 

Panthera onca (Soisalo and Cavalcanti 2006) and Cheetah 

Acinonyx jubatus (Mamewick et al. 2008). Kelly et al (2008) 

assessed reliability of Puma Puma concolor identification by 

photo-trapping using double-blind observer identifications. 

They also reported that obvious and subtle markings (scar, cut 

marks and wounds) of the species can be compared from camera 

trap photographs if  the photo quality is good. Carbone et al 

(2001) used photographic rates to estimate densities of cryptic 

mammals, which require large sample size. Rowcliffe et al 

(2008) also estimated animal density, without the need for 

individual recognition, from camera trapping rates by modelling 

the underlying detection process. Radio telemetry study was 

also used to estimate population of some large-bodied canids 

like Dhole Cuon alpinus (Acharya et al 2007), Wolf Canis 

lupus (Mech 1977), Coyote Canis latrans (Andelt 1985). 

Radio-telemetry is constrained by the small number of animals 

that can be tagged simultaneously, the uncertainties about how 

many individuals are tagged, and the high costs and efforts 

involved (Karanth 1995). Kohn etal. (1999) estimated coyote 

population by genotyping faeces. Though this method may be 

more reliable for population estimation, because of its non- 

invasiveness (Miththapala 1996), the major drawback is high 

cost and need of skilled technicians and advanced laboratories 

(Kohn et al. 1999). 

The only information on dhole abundance comes from 

a few protected areas in southern and central India (Johnsingh 

1983, Karanth 1993, Venkatraman etal. 1995, Acharya etal. 

2007). These estimates have not been obtained through 

systematic sample based survey methods, but on estimates of 
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number of packs within the protected areas (derived using 

known home range areas and knowledge of mean pack sizes) 

(Durbin etal. 2004). Ramesh (2010) estimated population of 

Dhole using vehicle transect method. 

As dholes are the least studied social carnivores in the 

Asian jungles (Acharya et al 2007), the present study was 

carried out in the Peach landscape of central India, between 

June 2006 and June 2010, to estimate occupancy and 

abundance of dholes using reliable scientific methods. 

MATERIAL  AND METHODS 

Study area 

The study area, Pench landscape (4,300 sq. km) is one 

of the important conservation units for carnivores and its prey 

in the central Indian landscape (Jhala et al. 2010) (Fig. 1). 

According to Champion and Seth (1968) classification, the 

study area falls under tropical dry deciduous forest and 

tropical moist deciduous forest. It includes Pench Tiger 

Reserve, South Seoni Forest Division, South Balaghat Forest 

Division, East Chindwara Forest Division and South 

Chindwara Forest Division. This Landscape lies in the 

southern lower reaches of Satpura Hill  ranges. According to 

the biogeographic classification of Rodgers and Panwar 

(1988), it lies in the Zone - 6E Deccan Peninsula Central 

Highland. The terrain is gently undulating and criss-crossed 

by small streams and nullahs, most of these are seasonal. The 

study area experiences markedly seasonal climate with a 

distinct summer (March-June), monsoon (July-September) 

and winter (October-Febraary) and receives a mean annual 

rainfall of c. 1,400 mm. The temperature ranged from 

2 °C in winter to 49.5 °C in summer. Pench Tiger Reserve 

(PTR), which includes Pench National Park (PNP) and Pench 

Wildlife  Sanctuary (PWS), along with Kanina Tiger Reserve 

constitutes one of the 11 level-I Tiger Conservation Units 

(TCU) in India classified by Wickramanayake et al (1998). 

The PNP and PWS were considered as the intensive study 

area (410 sq. km) for the present study. Apart from dhole the 

other carnivore species found in this landscape are tiger, 

leopard, wolf, jackal (Cams aureus). Striped Hyena (Hyaena 

hyaena), Indian fox (Vulpes bengalensis) and Jungle cat (Felis 

chaus). The wild ungulates found here are Chital (Axis axis), 

Sambar (Rusa unicolor), Nilgai (Boselaphus tragocamelus), 

Gaur (Bos frontalis), Barking Deer (Muntiacus muntjak), 

Chousingha (Tetracerus quadricomis), Wild Pig (Sus scrofa), 

Blackbuck (Antilope cervieapm) and Chinkara (Gazella 

bennettii) (Sankar et al. 2001; Dungariyal 2008; Jhala et al 

2010). The Common Langur (Semnopithecus entellus) and 

Rhesus Macaque (Macaca mulatta) represent the primate 

fauna of the area. The Indian Crested Porcupine Hystrix 

indica, Black-naped Hare (Lepus nigricollis), Indian Flying 

Fox (Ptempus giganteus). Red Giant Flying Squirrel 

(Petaurista petaurista), Three-striped Squirrel (Funambulus 

palmarum) and Indian Pangolin (Manis crassicaudata) also 

occur in this area. There are over 51,648 inhabitants in 107 

villages and 60,000 livestock present around the notified 

buffer zone of PTR (Dungariyal 2008). The mean human 

population density is 112 ±9 (Standard Enter or SE) / sq. km 

and Gond tribes are the main inhabitants of this landscape 

(Qureshi et al 2006; Jhala et al 2010). 

Methods 

We used Royle-Nichols (Royle and Nichols 2003) 

heterogeneity model for abundance estimation of dhole. The 

key assumptions of the Royle-Nichols model are (1) the 

number of animals at a particular site follow a Poisson 

probability distribution for which lambda indicates the mean 

abundance across all sites, and (2) the probability of detecting 

animals at each site is related to the species specific capture 

probability V and the site abundance (Ni). 

Royle-Nichols heterogeneity model was used for larger 

data set (4,300 sq. km) for 2006 from ‘Monitoring tiger, co¬ 

predator, prey and their habitat’- research project (Jhala et 

al. 2008). The parameter derived from larger study area was 

used to infer abundance of dhole in the intensive study area 

(410 sq. km). This larger study area was further sub-divided 

into 10 km x 10 km grids (n=43) (Fig. 1) and our assumption 

was that the grid size should be more than the home range 

size of a dhole pack. The average home range of dhole pack 

was 63 sq. km as reported by Acharya et al (2007) in the 

same study area. Forest beats were considered as the lowest 

sampling unit for sign survey (Jhala et al 2008) and three 

separate routes of each forest beat were walked early in the 

morning to record the signs and tracks of dhole. Each search 

covered 5 km having the best potential for dhole presence. 

Data collection was done covering 3,720 km. The site (naive) 

occupancy (Mackenzie et al. 2002) of dhole population was 

estimated from beat wise (n-44) sign survey in the ISA in 

2006,2007, 2009 and 2010. Sampling occasions (n=3) were 

same for all the four years and total effort varied between 

725 km and 750 km. The program PRESENCE ver. 3 was 

used for occupancy and abundance estimation (Jhala et al 

2010). T-test (Zar 1984) was used to evaluate temporal 

changes in occupancy. 

RESULTS 

The estimated occupancy of dhole in the overall 

landscape was 0.21 ±0.06 (SE). Detection probability was 

0.74 ±0.09 (SE) and average dhole pack size was 13.9 ±1.4 
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Fig. 1: Map showing grid wise (n=43) occupancy and encounter rate (signs/100 sq. km) of Dhole in Pench landscape (4,300 sq. km) 
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(SE). The estimated average abundance of dhole in the 

landscape was 0.24 ±0.08 (SE)/100 sq. km. The estimated 

individual density of dhole in the overall landscape 

(multiplying average pack size of dhole with average 

abundance) was 3.3 ±1.2 (SE)/100 sq. km for 2006 

(Table 1). 

The estimated naive or site occupancy of dhole in the 

ISA, i.e., Pench National Park and Sanctuary for 2006 was 

0.81 ±0.07 (SE) followed by 0.96 ±0.15 (SE) in 2007, 

Table 1: Summary of dhole abundance estimates 

(Individuals/100 sq. km) in Pench landscape, central India 

Parameters Value 

Sampling area (sq. km) 4,300 

Detection probability or r 0.74 ±0.09 

Average abundance ±SE 0.24 ±0.08 

Occupancy 0.21 ±0.06 

Average pack size ±SE 13.9 ±1.4 

Number of individual ±SE (/100 sq. km) 3.33 ±1.2 

*SE= Standard Error 

0.52 ±0.08 in 2009 and 0.82 ±0.14 in 2010, whereas detection 

probabilities were 0.65 ±0.05 (SE) in 2006, 0.35 ±0.06 (SE) 

in 2007, 0.56 ±0.07 (SE) in 2009 and 0.37 ±0.07 (SE) in 

2010. 

The estimated site occupancy did not differ significantly 

(p=0.16) between 2006 and 2007, whereas it differed 

(p=0.009) between 2007 and 2009,2009 and 2010 (p=0.03). 

DISCUSSION 

Estimating populations of species that cannot be 

identified individually is difficult. Estimating abundance from 

Royle-Nichols heterogeneity models was found to be more 

appropriate for our study as dhole cannot be identified by 

any unique marking pattern. The estimated dhole density, 

i.e., 3.3 ±1.2/100 sq. km in the present study was found lower 

than Bandipur (Johnsingh 1983), Mudumalai (Ramesh 2010), 

PTR (Acharya et al. 2007), Mudumalai (Venkatraman et al. 

1995) and Nagarhole (Karanth 1993) (Table 2). According 

to Acharya et al. 2007, within peninsular India, dholes are 

encountered specifically in dense forests and thick scrub 
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Table 2: Estimated Dhole densities (individuals/100 sq. km) from different Protected Areas in the Indian subcontinent 

Locations (Authors and year) Study Density/ Pack Size Method 

Area (sq. km) 100 sq. km Range 

Mudumalai (Ramesh 2010) 107 43.0 ±21.0 1-28 Vehicle Transect 

Mudumalai (Venkatraman etal. 1995) 321 31.2 ±- 4-25 Direct observation 

Bandipur (Johnsingh 1982) 20 35-90 7-18 Direct observation 

Nagarhole (Karanth 1993) 100 14.0 ±- 3-10 Direct observation 

Pench TR (Acharya etal. 2007) 410 29.0 ±2.0 1-14 Radio Telemetry and direct observation 

Nilgiri  Plateau (Cohen etal. 1978) 1-5 Direct observation 

Present study 4,300 3.3 ±1.2 1-29 Estimated abundance using Royle and Nichols 

heterogeneity model 

jungles (Krishnan 1972; Davidar 1974), unlike the wild dogs 

of the African savannah. In most of the sites (Table 2), studies 

were conducted in well-managed habitat with high prey 

density and smaller area (20 sq. km to 410 sq. km), whereas 

our study area was large and covered gradient of forest and 

variable prey density (low to high). The earlier study on 

population estimation of dhole (Acharya et al. 2007) was 

restricted inside the PNP and PWS. The estimated high site 

occupancy (>80%) of dholes in the intensive study area (PNP 

and PWS) by the present study is attributed to high abundance 

of wild prey and well-managed habitat (Biswas and Sankar 

2002, Jhala et al. 2010). Our findings also provided insights 

on conservation of large carnivores outside the PTR, as 

comparatively high dhole signs were encountered (> 0.12/100 

sq. km) inside the PTR, whereas very low sign intensity 

(<0.0001/100 sq. km) was encountered outside the PTR 

(Fig. 1). 

Conservation implication 

The dhole has been facing a variety of threats from 

humans. Encroachments by humans into its forested habitat 

for agriculture, stealing of kills, cattle grazing, fodder, fuel- 

wood, and non-timber forest products collection have pushed 

the dhole to high degree of isolation and even local extinction 

(Johnsingh 1985, Acharya et al. 2007). More so, increasing 

cases of poisoning, poaching and resultant prey depletion may 

have contributed greatly to hasten the dholes’ decline (Fox 

1984), making it go the way of the African wild dog (Lycaon 

pictus). Durbin etal. (2004) reported diseases are significant 

threat in South Asia, particularly those transmitted from feral 

or domestic dogs, e.g., canine distemper and mange. Acharya 

et al. (2007) reported the greatest threat to dholes is from the 

domestic and feral dogs all around the Pench Tiger Reserve, 

Madhya Pradesh. Both Qureshi et al. (2006) and Jhala et al. 

(2010) reported that Pench landcape has forest connectivity 

with Kanha landscape and Satpura landscape, and forms an 

important conservation unit for large carnivores in central 

Indian landscape. The reported occupancy of dhole in overall 

Central Indian landscape was 85,962 sq. km in 2006 (Jhala 

et al. 2008) and 71,817 sq. km in 2010 (Jhala et al. 2010). 

Though Wildlife  (Protection) Act of 1972 has helped to check 

the drastic decline of the dhole in many reserves within India 

(Ginsberg and Macdonald 1990), our study revealed that 

occupancy of dhole was high inside the Pench Protected Area 

(i.e., PNP and PWS), but low and patchy outside. As dhole 

population is observed fragmented, linkage between different 

protected areas in this landscape is crucial for long term 

survival of the dhole. 
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